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and many developed countries, coronary disease is the most common cause of death in women, 2 and among women, stable angina is the most common initial symptomatic presentation. 3 Despite the declining incidence of myocardial infarction, the prevalence of angina remains high, 4, 5 and direct costs in the United States in 2000 have been estimated at up to $75 billion. 6 Major population studies of coronary disease in women 7, 8 have focused on patients hospitalized for acute coronary syndromes or fatal coronary disease, to the near exclusion of chronic stable angina. Because most angina patients are treated symptomatically with nitrates, 5 and because prescribing data are more complete and standardized than diagnostic coding in primary care, nitrate use is a commonly used measure of the burden of treated angina in the community. 5, 9 However, there is an apparent paradox; angina prevalence in women is similar to that in men, 10, 11 in contrast with the marked male excess of myocardial infarction incidence 12 and angiographically demonstrated coronary artery disease. 13 This has led some to consider population estimates of angina in women as "soft,"
14 not reflecting coronary pathologic findings.
Population studies that might elucidate this paradox have been lacking, with no national or community-based surveillance programs reporting incidence and prognosis of angina in women compared with men. Epidemiological studies 3, 15 have recruited and followed up patients over the course of decades, precluding inferences about contemporary practice. Studies set in cardiologists' outpatient clinics 16 do not include the wider pool of patients presenting to internists or primary care. 17 All studies have been limited by the small number of cases of angina and subsequent coronary events in women, as well as by exclusion of older patients. Sex disparities in access to specialist referral and investigation of angina have been widely demonstrated, [18] [19] [20] [21] [22] [23] [24] yet no study has determined sex differences in the incidence and prognostic effect of angina patients with and without an investigation abnormality. Nor has any study investigated how the severity 25, 26 of incident angina or the presence of coexisting conditions 27 might influence sex differences in prognosis.
Our objective was to determine sex differences in chronic stable angina with respect to (1) incidence in the general population, (2) coronary mortality compared with the general population, and (3) absolute coronary event rates, by angina severity and coexisting conditions. We used national linked registries in Finland, a country with a previously documented general population prevalence of angina similar to that of the United States (5.4% vs 6.3% in women and 4.4% vs 4.3% in men, respectively).
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METHODS
Populations
Finland has a comprehensive health care system provided to all citizens, funded from general taxation. Using personal identity numbers, we linked data held in national registers in Finland to create a register of patients with angina and their coexisting conditions, hospitalizations, and mortality, as previously described. 28 The denominator population used for the calculation of incidence risk was defined as the resident population of Finland, based on the 1990 census, who were aged 45 to 89 years in 1996. Demographic details on age, sex, living alone, and low education (Ͻ10 years full-time) were obtained from the census. All analyses were carried out on anonymized data and were approved by the Research Ethics Committee of STAKES, the National Research and Development Centre for Welfare and Health. STAKES (Sosiaali-ja Terveysalan Tutkimus-ja Kehittämiskeskus) is a research institute funded by the national government as part of the Ministry of Social Affairs and Health. Under Finnish law, individual patient informed consent is not required for the analyses presented here.
Angina Case Definitions
Two mutually exclusive case definitions of incident, uncomplicated angina were used, based on linking records of reimbursement of charges for medications in the Social Insurance Institution during recruitment from January 1, 1996, to December 31, 1998. This register covers all prescriptions reimbursed by the mandatory national health insurance irrespective of the ambulatory care provider. All patients were identified in an ambulatory setting, which included municipal primary health care centers, hospital outpatient clinics, occupational health care services, and the private sector. To identify angina as the first symptomatic presentation of coronary disease, we excluded all patients with a prior special reimbursement right for coronary heart disease (CHD) or prior admission with acute myocardial infarction, unstable angina, or other coronary disease (International Classification of Diseases, Tenth Revision 29 codes I20-25; International Classification of Diseases, Ninth Revision codes 410-414) or for coronary revascularization during the 5 years before the date of angina.
The first case definition ("nitrate angina") was based on reimbursement for dispensed (filled) prescriptions for glyceryl trinitrate, isosorbide dinitrate, and isosorbide mononitrate (including sublingual, aerosol, transdermal, and oral preparations) during the 3-year recruitment period. We excluded all patients who were taking a nitrate medication in the calendar year before recruitment. Nitrate use is a valid measure of angina in primary care, 5, 30 being a moderately sensitive (73%) and highly specific (96%) marker of a physician diagnosis of angina identified by case record review. 9 The second case definition ("testpositive angina") was based on a special reimbursement right requiring a medical certificate by the attending physician, usually an internist or a cardiologist, which was then reviewed and approved by a specialist physician at the Social Insurance Institution. Such a reimbursement right is awarded only to patients with chronic angina pectoris symptoms responding to antianginal medication in the presence of unequivocal electrocardiographic changes (on exercise or at rest) or angiographic coronary artery disease. Patients who made the transition from nitrate angina to test-positive angina at any time during the recruitment period were counted only once, as test-positive cases. We used the amount of reimbursed nitrate prescriptions filled during the year of incidence, expressed in defined daily doses, 31 as a marker of angina severity. For example, the defined daily dose of sublingual glyceryl trinitrate is set at 2.5 mg; thus, a package containing thirty 0.25-mg tablets (total, 7.5 mg) corresponds to 3 defined daily doses. The defined daily dose of oral isosorbide dinitrate is 60 mg and that of isosorbide mononitrate is 40 mg.
Cardiovascular and Noncardiovascular Coexisting Conditions
The presence of coexisting conditions was ascertained from Social Insurance Institution data on entitlements to reimbursement of medicine costs according to a prespecified list of 43 chronic diseases at the time of angina diagnosis, each of which required confirmation by a specialist or hospital investi- (median follow-up, 4 years). The postmortem examination rate in Finland during this period was approximately 60% among those younger than 65 years. Coronary heart disease mortality was defined by ICD-10 codes I20-I25, and 7906 coronary deaths occurred during followup. Details of nonfatal acute myocardial infarction (defined as ICD-10 codes I21-I22), percutaneous coronary intervention, and coronary artery bypass graft surgery were obtained from linkage to the hospital discharge register. The completeness and accuracy of the death and discharge registers for CHD have previously been demonstrated. 33 
Statistical Analysis
Annual incidence risks of angina were calculated as the ratio of the average number of new cases per year to the total 1996 Finnish population. To allow comparisons between sexes, incidence risks and the prevalence of coexisting conditions were adjusted for age using direct standardization to the entire Finnish population. Standardized mortality ratios (SMRs) were calculated as the ratio of observed to expected deaths. The expected number of deaths was calculated using age (5-year categories), sex, and calendar year-specific coronary mortality rates from the total Finnish population. When the observed number of deaths numbered fewer than 50, 95% confidence intervals (CIs) for the SMRs were calculated using the exact Poisson distribution, with an approximation used for larger numbers of deaths.
Absolute rates of the composite end point of fatal and nonfatal myocardial infarction at 1-year follow-up (n = 3129 events) were calculated per 100 personyears at risk. Entry into the register was defined by month and year for testpositive angina and by year for nitrate angina, and a midmonth or midyear date used for time-to-event and person-year analysis, respectively. When death occurred during the year of recruitment, entry was deemed to have occurred halfway between January 1 and the date of death. For nonfatal myocardial infarction and coronary revascularization, all patients were followed up for 1 calendar year after their incidence date.
Within the 2 angina case definitions, all-cause mortality and coronary event rates were compared between women and men with and without coexisting conditions using multivariable hazard ratios computed from Cox proportional hazards models, adjusting for the CI indicates confidence interval. The size of the data markers represents the number of angina cases. *Annual risk per 100 population, using estimated total population of Finland in 1996. Because the case definitions of angina are mutually exclusive, the same population denominator was used for each. †Age-standardized to the combined (women and men) population.
potential confounders of age in the combined (women and men) population, education (Ͻ10, 10-11, or Ն12 years), marital status (married, divorced/ separated, single, or widowed), nitrate type (none, glyceryl trinitrate, isosorbide mononitrate or isosorbide dinitrate, or both), nitrate use (0, 1-7, 8-30, 31-90, or Ͼ90 defined daily doses), number of noncardiovascular coexisting conditions (0, 1, or Ն2) and receipt of percutaneous coronary intervention or coronary artery bypass graft surgery during the first year of follow-up. We assessed the proportional hazards assumption by fitting exposure ϫ log time interaction terms and by examining the effects separately within each year of follow-up. These analyses showed that the proportionality assumption was robust. All P values are 2-tailed. All analyses were carried out in SAS software, version 8.2 (SAS Institute Inc, Cary, NC).
RESULTS
As shown in FIGURE 1, the agestandardized annual incidence of nitrate angina was higher in women than in men, but for test-positive angina the incidence was lower in women. The latter effect was most marked in the youngest age group, which included perimenopausal women. Among all cases combined, total incidence risks were similar in women (1.89 per 100) and men (2.03 per 100), with a sex ratio of 1.07 (95% CI, 1.06-1.09).
Into the ninth decade of life, age was strongly associated with higher incidence of nitrate angina (PϽ.001 for linear trend), but for test-positive angina, incidence declined after age 75 years ( Figure 1 ). Among all cases of angina, women were less likely to be testpositive than men consistently within each age group (PϽ.001 for all), with proportions in women/men of 21%/ 41% at age 45 to 54 years, 21%/38% at 55 to 64 years, 18%/30% at 65 to 74 years, 13%/19% at 75 to 84 years, and 9%/13% at 85 to 89 years.
In every age group, nitrate angina in women was associated with increased coronary SMRs similar in magnitude to those observed in men (FIGURE 2) . In contrast, women with test-positive angina aged 45 to 74 years had higher coronary SMRs than men (Figure 2 ). For example, among those aged 55 to 64 years, the SMR was 4.69 (95% CI, 3.60-6.11) in women and 2.40 (95% CI, 2.11-2.73) in men (PϽ.001 for interaction). Within strata defined by age and sex, associations with coronary mortality were stronger for test-positive angina than for nitrate angina.
As shown in TABLE 1, women with angina were older than men and, in ageadjusted analyses, were slightly more likely to be using short-acting nitrates In general, predictors of coronary events also tended to predict all-cause mortality. Absolute rates of fatal and nonfatal myocardial infarction tended to be lower in women than in men. However, women using higher doses of nitrates had comparable prognoses with men, and among test-positive cases, there were no sex differences in prognosis among patients with 2 or more noncardiovascular conditions. Diabetes was strongly associated with event rates, narrowing sex differences among cases of nitrate angina and abolishing them in testpositive angina. Among patients with diabetes and test-positive angina, agestandardized event rates were 9.9 per 100 person-years in women vs 9.3 in men (P=.69); in fully adjusted models, the male-to-female sex ratio for coronary events was 1.07 (95% CI, 0.81-1.41). Among women, the presence of heart failure was associated with increased coronary event rates, similar to those seen in men without these disorders.
COMMENT
To our knowledge, this study represents the first large-scale investigation of angina as an initial symptomatic manifestation of CHD. We found that overall incidence was similarly high in women and men among contemporary, unselected patients in primary care. Angina in women was associated with increased coronary mortality relative to women in the general population and, in absolute terms, high coronary event rates. Indeed, among easily identifiable clinical subgroups, angina in women had similarly high absolute rates of prognostic outcomes compared with men. The total incidence risk of angina in primary care reported herein is substantially (1 order of magnitude) higher than the rate of first admissions for acute myocardial infarction in Finland 34 and in any of the age, sex, and race subgroups in the Atherosclerosis Risk in Communities study. 35 Indeed, our estimates for angina may be conservative; not all angina is diagnosed and treated, particularly among women. 36, 37 Among those whose angina is treated, not all receive nitrates 30 ; furthermore, among those taking nitrates, not all pursue reimbursement. Finally, the general population denominator in this study inevitably included some cases of angina.
Women had a total incidence of angina that was similar to that of men, which is consistent with numerous population-based studies assessing angina prevalence with the Rose questionnaire. 10, 11 Taken together, these findings are likely to be robust, as the former is free of instrument and reporting biases and the latter is free of diagnostic and treatment biases. We found that women with nitrate angina had a markedly increased risk of coronary mortality compared with women in the general population, an effect similar in magnitude to that observed in men.
Women had a lower incidence than men of test-positive cases of angina, consistent with previous US studies that, although not based on primary care, report underuse of investigation in women with chest pain. [18] [19] [20] 22, 24 This may relate to sex differences in symptom description 38 or physician perception of risk. Of further concern was that these selected women had particularly high sex-specific coronary SMRs, exceeding those of men, up to age 75 years. This may reflect a combination of factors in women, including lower absolute rates of CHD mortality in the population, selection of sicker pa- Abbreviations: CHD, coronary heart disease; MI, myocardial infarction. *Data are expressed as multivariable hazard ratios (95% confidence intervals) unless otherwise noted. Women without the coexisting condition or with the lowest use of nitrates are the reference category. All hazard ratios are adjusted for age in the combined (women and men) population, education (Ͻ10, 10-11, or Ն12 years), marital status (married, divorced/ separated, single, or widowed), nitrate type, nitrate use, number of noncardiovascular coexisting conditions, and receipt of percutaneous coronary intervention or coronary artery bypass graft surgery during first year of follow-up. †Hazard ratios for the effect of age are estimated per year of increase. ‡The age-standardized absolute event rate per 100 person-years is given in parentheses for each reference category.
tients, and undertreatment. If there is a bias whereby men are more likely to be tested than women, it might explain the higher incidence of testpositive angina in men in contrast with the higher incidence of nitrate angina in women. The fact that long-term coronary mortality rates were higher in younger women with test-positive angina than in men suggests that sicker women were being tested-that is, there is a higher threshold for testing in women than in men. However, the similarity of the coronary SMRs in women and men with nitrate angina demonstrates that even if this bias exists, it is unlikely to have seriously affected our estimates of overall incidence.
The rate of coronary revascularization was higher in men than women, but adjustment for receipt of revascularization had no effect on sex differences in coronary event rates. Sex differences in secondary prevention are small in this population; in a companion study of 2650 patients carried out in 2001, we found that the proportion taking 3 agents (aspirin, a ␤-blocker, and a statin) was 49% for women and 51.6% for men (K.M., I.K., Antii Reunanen, MD, and Timo Klaukka, MD, PhD; unpublished data; 2006). In women and men older than 75 years, there were no sex differences in coronary SMRs and the incidence of test-positive angina declined, consistent with older age influencing access to testing.
We found a strong stepwise relationship between the amount of filled nitrate prescriptions over the year of incidence and subsequent coronary event rates. Angina follows an intermittent, relapsing-remitting course, and amount of nitrate use may thus be a valid marker of anginal severity over time. 26 The prognostic clinical validity of a pragmatic measure of treated angina, demonstrated here, suggests a method of surveillance and identification of target populations in future randomized trials.
Absolute rates of coronary events in women were high when compared with thresholds for initiating secondary prevention treatment. 39 Estimated 10-year risks of fatal and nonfatal myocardial infarction exceeded 10% ("moderately high") for women with nitrate angina, even among those without cardiovascular or noncardiovascular comorbidity; absolute risks were considerably higher for women with test-positive angina. When compared with men, women overall tended to have lower coronary event rates. This effect was present among those with test-positive angina, suggesting that it is not explained by diagnostic error. However, the female advantage was diminished or absent among clinical subgroups. Women with diabetes and angina had particularly high event rates, reducing sex differences in prognosis in nitrate angina and eliminating them in test-positive angina.
Sex differences in the nature and severity of the underlying cardiac pathophysiology in angina may explain these prognostic differences. Further research is required to understand which patients with nitrate angina had never been investigated and which had been investigated and tested negative on conventional noninvasive ischemic testing or coronary angiography. Novel functional imaging studies suggest that among women with angina and nonobstructed coronary arteries (a finding considerably more common in women than in men with chest pain 13 ), nuclear magnetic resonance spectroscopy reveals hitherto undetected evidence of ischemia, which is associated with increased coronary event rates. 13 43 trials). This does not reflect the sex burden of angina in the population, and influential trials may perpetuate the unsubstantiated notion that "real" angina predominantly affects men. Nor are low event rates in women a reason for recruiting disproportionately low numbers of women into trials. We found that even among women aged 45 to 54 years with test-positive angina, the rate of fatal and nonfatal myocardial infarction was 2.52 per 100 person-years, higher than that observed in the aforementioned trials (with rates of 1.67, 41 1.76, 42 and 1.86 43 per 100 person-years). Our results extend to angina the previous findings on underrepresentation of women in trials of acute coronary syndromes 44 and the worse prognosis in "realworld" vs trial populations. 45 Major studies among women, such as the Women's Health Initiative and the Nurses' Health Study, have reported predictors of hospitalized unstable angina 7, 8 but not chronic stable angina.
There have been no trials among incident cases of angina as the initial symptomatic manifestation of coronary disease; half or more of all patients in the existing angina trials have had previous myocardial infarction and many patients have already survived years since first presentation. In the absence of randomized comparisons of different investigational strategies for angina, 46 formal methods 47 of defining appropriate investigation and the prognostic consequences of its underuse in women are required.
The subject of long-standing 48 debate, angina in women occurs in the general population as commonly as in men, and its prognostic impact suggests that it should not be discounted as a benign or soft diagnosis. These findings demonstrate the public health importance of angina in women and underscore the importance of both understanding the biological mechanisms of the angina-sex paradox and ensuring fair access to investigation and treatment services. 
